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MANUFACTURE OF AUTOGENOUS REPLACEMENT BODY PARTS 


Relation to Related Applications 

This i45>lication is a contiiiuation-in^part of USSN 08/253,398, ffled June 3, 1994, the disclosure 
of whidi is incoiporated herein by reference. 

Rdd of fce IhvCTtion 

This inventi(m relates to mat^als and methods for the repair and regeneration of plural distinct 
tissuesatasir^defieadteinamammaL More particulady, the invention is concerned vdtfa materials 
and methods for the manufacture in vivo of autogenous replacement body parts, including mammalian 
skdetal joints, compri^ng plural different tissues, sadi as Ugament, articular caitilage and bcme tissues. 

Badcground of the InvCTtion 

Skdetal joints provide a movaUe union of two or more bones. Synovial joints are highly evolved 
aitioilatingjdntstiiatpennitfceemovm Because nianmialianlower limbs are cmcero^ 
looomotim and iqpp^ limbs provide vosatility of movement, mostoftiie joints in the extremities are of the 
syik>vialtype. There are various t^)es of syno^ joints. Thdrdiassificaticm is based upon the types of 
active moti(mttiattiieypamit(uidaxial, biaxial, and They are dififerentiatedfiiitfaer according 

to their prindpsdmoifAological features bi contrast to filHOus and cartila^nous 

joints v/faere tiie ends of the bones are found in contindty 

synovial joint are in GOidsbct, tat s^ai^ Because the bmes are not bound intnniQy, the integri^ 
irynovial joint results fam its li^tm^ and czpsuLc (wUdi bind the aiticulatimeidi^naUy) and to some 
extent fix)m the surrounding muscles. M synovial joints, the ccxitiguous bony ^ufaces are covered with 
artiaflar or, hyaline cartilage, and ttie joint cavity is sunounded by a fibrous capsule vdiich segregates the 
joint finom the sunounding vascularized environment The irmcr surface of ti)ea^)suleisline(!bya 
synovial layer or *^embnine" containii^ odls involved in secreting the viscous lubricatii^ syriovial fluid. 
Gray, Anatomy of the Human Bodv. pp. 312; 333-336 (13th ed.; CC. aem^de, ed., (1985)). 
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In c^itain synovial joints, the joint or syn^ 
fibtocaitilage. Synovial joints involving two bones and containing a single joint cavity are lefened to as 
simple joints. Joints thai contain a meniscus fonning two joint cavities are called composite joints. The 
tenn compound joint is used for those articulations in which more than a single pair of articulating surfaces 
are present 

Joim ]e{Aac^^ particulady articulatii^ joint replacm^ 
in Orthopedic suig^* However, the ideal material for rq)lacemeitt joints remains elusive. T^caUy, joint 
reconstmction requires r^air of the ix>ny defect, the articular cartilage an^ 
jcmdng ligaments. To date, tiiere are no satisfactory cUnical means for readily repairing both articular 
cartilage and bcxiy defects witiiin a joint whidi reliably results in viable, fiiUy-functional weight-bearing 
joints. Prosti^c j(Hnts which replace all the endogmous joint tissues drcumvmt some of these pnAdons. 
However, prosflietic joints have numerous, well documented limitations, particulariy in youi^r and highly 
active patients. In addition, in some circumstances prosthetic joint r^acement is not possible and lepau* 
options are limited to osteodK>ndroaIlograft mat^als. 

The articular, or hyaline cartilage, found at tiie end of articulating bones is a specialized, 
tdstologically distract tissue and is responsible for the distributi(m of load resistance to axnjKessive forces, 
and the smooth gliding that is part of joint function. Articular cartilage has littie or no sdf-iegcoeiative 
impeities. Thus, if tiie articular cartilage is torn or worn down in ttiictmessw 
fimction of time, disease or traimia, its ability to [Hooted; the und^ying bone surface is compromised 

Other types of cartilage in skeletal joints include fitaocartilage and dastic cartilage. Seccxidary 
cartilagizx)iisjomts are formed by discs of fibrocartilagewUdijomv^^ hi 
fibn)caitilage, 1hemucopoly*sacchari(te network is interlaced with pnHnin^oollagm bundles and the 
chondrocytes are more widdyscatteied than in hyaline a Elastic cartila^onitainscollagn fibers 
i^di are histolo^callyfflnilar to elastin fibers. As witii(^r cranective tissues the finmation of 
cartilaginous tissue is a complex biological pxxess, involving the inteiactim of cells and collagm fibers in 
a unique biodionical milieu. / 

I 

X 

Cartilage tissue, includmg articular cartilage, unhte oflier connective tiss^ 
nerves, lymjiiatics and basement membrane. Cartilage is oxnposed of chondrocytes which synthesize an 
abundant extracellular milieu composed of water, coUagens, proteoglycans and noncoUagmous proteins 


andli^ds. Q)nagense]vestotrapp[oteoglycansaiidtopi0vi<fet^^ l^pell 
collagen is the piedominant coUagen in cartilage tissue. The proteogjycans aie composed of a variable 
number of glycosaminoglycan chains, keratin sulphate, chondroitin sulphate ancj/or dermatan sulphate, and 
N-linked and O-linked oligosaccharides covalently bound to a protein core. The sulfated 
glycosaminoglycans are negatively chaiged resulting in an osmotic swelling pressure that draws in water. 

In contrast, certain colkgras sudi as the fibrotic caitila^ 
for cacample, are kdoid and tyiHcal of scar-type tissue, i.e«, craiposed of capillaries and abundant, 
irregular, disoigaiuzed bundles of Type I and Type n collagea 

Hfetolo^caHy, articular or hyaline cartilage can be <fi^ 
botfi by its mcHphology and by its biochemistry • MorpholQ^cally, articular cartilage is characterized by 
superfidal versus mid versus de^ "zones** which sliow a characteristic gradation of features from the 
surfeu» of ttie tissue to the base of ttie tissue adjacent to flie bone. In the si]^)erfidal zone, for example, 
dwndrocytes aie flattmed and fie paraUel to the sur^ 

faogeotially arranged collagen and few proteoglycans. In the niid zone, chondrocytes are spherical and 
surrounded by an extracettuiariietworic rich in i»oteoglycans and 0 In 
tite deep zooe, dose to the bone, the collage fibers are vertically oriented. The keratin su^)hate rich 
pioteQglycaiisinciease in OHicentration within^ Foradetailed 
desci^oa of articular cartilage micro-stmcture, see. for example. (Ayddotte and Kuettner, (1988). Conn, 
TissRes. ia:205; Zanetti et aL. (1985). LCellBioL 101:53; and POdle et aL. (1984). LAnat 1M:13. 

BiochOTiically. articular collagen can be idratified by tiie presaice of T^ n andT^pe DC 
collagen, as wdl as by die pres^ice of wdl-diaracterized prote^ 
odDs^eti. v^chte assodated witiieododi^^ 

In normal articular cartilage, a balance exists betwe«i synfiiesis and destmction of the above- 
desaibedextraoeillularnetwodc However, in tissue subjected to r^)ealed trauma, for «an^)le^^ 
friction betwe^ misaligned bcMies in contact wifli one another, or in joint diseases characterized by net loss 
of articular cartilage. e.g.. osteoarthritis, an imbalance occurs between synthe^s and degradation. 

Two types of defects are recognized in articular surfaces, Le., fuU4ludcness 
defects. These defects differ not only in the extent of physical damage to the cartilage, but also in thie 
nature of the repair response eadi type of lesion can elicit 
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5 FUl-thidaiess defects of an allied 

calcified cartilage layer and the subctondral bone tissue vnth its blood vessels and bone marrow. Full- 
thickness defects can cause severe pain since the bone plate contjuns sensory nerve endings. Such defects 
generaUy arise from severe trauma andSor during the laie sta^ 
osteoarthritis Fdl^Mdoiess defect rnay, on occasion, lead to bleecfiiigan^ 
10 reaction torn the subclKHidral bone. In sudiiristanoes, however, flieiqpair tissue formed is a vascularized 
fibrous type of cartilage wth insufBcioat biomechanical properties, and does not persist on a long-term 
basis. 

fo contrast, superfidal defects in the articular cartilage tissue ^ 
15 itsdt Sudi defects are notorious because they 6o not heal and show no propmsity for rq)air reactions. 
aj5)crficial defects may i^jpear as fissures, dh^ots, or 

a ••cnflvmeat" appearance in the affected tissue, lliey contain no bleeding vessels (blood spots) sudi as are 
seen in fifll-Aidaiess defects. Superfidal defects may have no known cause, howev«", they arc oftra 
reailtofmcdianiaddasuigematfs wWdi lead to a wearing d^ Such 
mediardcal ^r^ngemmts may be caused by trauma to fte joint. e.g. , a displaconent of torn meniscus 
tissue into the joint, meniscectomy, alaxation of the joint by a torn ligam«it, malalignmcait of joints, or 
bcMicfiacture, or by hereditary diseases. Superficial defecks arc also charaxaeristic of early stages of 
d^^mativej(^ diseases, sudi as osteoarthritis. Since the cartilage tissue is not um^ated or 
Hi vasciflarized,supecfidal defects do not heal and ofi^ 
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Rqiacanert vdth prosthetic joints is curraifly the jxefened option for sericws deg«eration of joint 
fimctim involving loss of articular cartilage. It is antidpated that a means for functional reconstmctiono^ 
joint <?Qm];JftTftR, including numeration and iq«ir of articaLar cartilage, wiIlhave|ii»ofoundeffed;(m 
alloplastic joint leplacon^ satgNy and the managmioit of degenerative j(^ <fisease. 


like articular cartilage, jointligamenls vMch serve to ccmnect interacting bones in the joint, have 
little or no sdf-wgm^ve^K^^^es. l^amatfstypicaUy arc composed of substantiaUyparalld bundles 
of vflMtefitaoustissw. They are liiam and fieri 
but are inexlMisile to jTOverit over-extension of the interacting bones in ^ 

35 tissue is substantially devoid of blood vessels and has Mtfle or no self-reg^ Suigical 
vcpm of torn or damaged ligament tissue to date is limited to use of autogenous grafts or synthetic 
materials tiiat are suigicaUy attached to the articular extremities of the bones. Allogenic ligaments 
^ically fail mechanically, presumably due to the treatments required to render these materials 
bioc(Hnpatible. Sunilariy, tendons are rope-like stmctures which connect muscle fibers to bone or cartilage 

40 and v^ch are fonnedfiomsubstantiaUy parallel fibroids of vdiite conned The synovial cq>sule 
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5 is composed of a thin layer of Ugameiitous tissue 

in die lubricating synovial fluid. The interior of the joint capsule is lined witli a ttiin membrane of 
comiective tissue having branched oonneclive-lissuc coqpuscies defining the synovial membrane, and which 
is primarily responsible for secreting synovial fluid into the cavity. The integrity of this membrane 
therefore, is important to maintaining a source for the lubricating synovia Rqwdr of these tissues in 

10 oittiopedic omtexts tyjncally is limited to lesuturing of existing tissue* 

Bone tissue difG^ dgnificantly fix)m the other tissues described her^^ 
tissue. SpedficaUy^ bone tissue is vascularized tissue composed both of ceDs and a bi^asicmeA 
is composed of a mineralized, inorganic componou (primarily hydroxy^)atite crystals) and an organic 
15 component comprised primarily of Type I collagea Glycosaminoglycans constitute less than 2% of ttiis 
organic oomp(»ient and less than 1% of the biphasic medium itself or of bone tissue p^se. Moreover, 
relative to cartilage tissue, the collagen present in bone tissue exists in a Wghly-organized parallel 
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Bony defects, whether from degenerative, traumatic or cancerous etiologies, pose a fonnidable 
cfaalloige to the reconstmctive surgeoa Particulariy difficult is reconstmction or repair of slceletal parts 
that comprise part of a multi-tissue complex, sudi as occurs in marrunalian joints. 


Nfammalian bone tissue is known to contMi one or more proteinaceous materials presumably 
\f25 active during growto and natural borieheatogwWch can uKluce a deve^ 


resulting in endochondral bone formadoa The devek^miaital cascade involved in endodtondral bone 
diffi^r^ation consists of cfaemotaxis of mesenchymal cells, proliferation of prog^tor cells into 
diondnx^tes and osteobla^ differeodialiw of cartilage, vascular inva^on, bone formation, remodeling, 
and fmaUy nianow differ»itiali(HL 


osteogouc factors c^)able of induCTig the above-des 
cndocaKMKlralbcme formation have iKwbeel identified These proteins, which occur 

in nature as disulfide-boruted dimeric proteins, are referred to in ttie art as "osteogmc'* {MDteins, 
^^osteoinductive" jMOteins, and "bone morphogenetic*' proteiris. Whether naturally -occurring or 

35 synthetically prepared, ttiese osteogenic proteins, when implanted in a mammal typically in assodation with 
a substrate that allows the attachment, proliferation and differentiation of migratory progenitor cells, are 
capable of indudng recruitment of accessible progenitor cells and stimulating their proliferatiori, inducing 
differentiation into chondrocytes and osteoblasts, and furtter inducing differentiation of intermediate 
cartilage, vascularization, bone formation, remodeling, and finally marrow differentiation Those proteins 

40 are referred to as members of the Vgr-1/OPl protein subfamily of the TGFp super gene family of 
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5 stractutany related proteins, M«nbeis include the proteins described in die art as OPl (BMP-7), 0P2 
(BMP-8), BMP2, BMP3, BMP4, BMP5, BMP6, 60A, DPP, Vgr-l and VgL See,, e.g., U.S. 5,011,691; 
U.S. 5,266,683, Ozkaynak et al. (1990) EMBO J. 2: 2085-2093, Wharton et al. (1991) PNAS M:9214- 
9218), (Ozkaynak (1992) J. Biol. Chem. 267:25220-25227 and U.S. 5,266,683); (Celeste et aL (1991) 
PNAS 22:9843-9847); (Lyons et aL (1989 ) PNAS M:4554-4558). These disdosuies describe the amino 
10 add and DNAsequoices, as weU as die chemical and ph]^^ Seealso 
rwozney et aL (1988^ Science 242 :1528-1534): BMP 9 (WO93/Q0432, pnbUshed Januaiy 7. 1993); DPP 
(Padgett et aL (1987) Nafaie 225:81-84; and Vg-l (Weeks (1987) ^51:861.867), 

It is an object of the instant mventi(m to provide a bioiesorixiUe matrix and device, suitable for 
15 i^enerating body parts which ccraprise two or more fiinctionally- and structundly-assodated yet distinct 
replacement tissues in a mammaL Another objca is to provide ocMnpositions and methods for the repair or 
complete leconstmction of a medianically and functionally viable skeletal joint in a mammal, particulariy 
an articulating or synovial joint, as well as otiier body paits comjmsing bone and bona fide hyaline 
cartilage, without rdy ing oa i»x)sttietic devices, AiK)dier object is to provide materials and methods for the 
^20 repair of tissue ddfects in an articulating niamn^^ 
H ^ahlejointcompiangboneandarticularcartilage,Ugam«^ 

« capsule tissue. Anotiier object of the invCTiion is to provide means for restoring fimctional non-mineralized 

^1 tissue inad^di^joimincludingtfaeavascular^^ 

Mr. ■■ 

^ 25 5SiimmaTy of the Invention 

m ■ 

In accordance with the present invCTtion, methods aiKi deuces are provi^ 
a Uve autogamous r^lac^mt part cotnprising plural distinct ti^ 

partindudespartoranofamaxnmaUiidccietaljom^ As 
30 desOTbed herein bdow, the methods and compositiOTS of die invCTticm are s^ 

and functional viable of the tiissues assodated with a skeletal joint, induding bor^ (and bone manow), 
articular cartilage, ligam^ tendon, synovial capsule and synodal mCTibrane tissues. Thus the invention 
{mvides metiiods arid compo^tions for r^lacemem of orie or more of die pli^^ 
a mammalian siceletal joint ^ 

35 

The invention provides, in one aspect therefore, a novel matrix for forming a mechanicaU^ 
structuraUy functional, mammalian, replacement body part comprising plural distinct tiss^ The matrix 
comprises intact residues specific for or characteristic of, and/or derived from at least two distinct tissues 
of tte replacement body part As will be appreciated from the description provided herein below, the 
40 matrix can include residues specific for four or more distinct tissues. The matrix is biocompatible and 
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5 Woicsoibstole, ^)ecificany,itissuffidenfly£recof pallK^ that can result in graft 

rejection. Preferably the matrix is (terived from an allogemc or xcnog^^^ Preferably, it is 

derived from a mammalian donor, such as a cadaver. Tlie body part may be rendered inert or "devitalized" 
by dehydration, such as by ethanol extraction and lyophilizatiCMi, so that no residual cellular metabolism 
remains, but the function of endogenous growth factors a^ 

10 reccMistitutiOT by endogaious body fluids- The treated body part Mddch now is substantiaittydq)lctedm 
andg^c and palfaog^c ccmponents and now is biocompatible, maintains the re^dues specific for the 
phiial distinct tissues constituting ttie body Iheseresichiesuiclude those of 

plural distuia tissues with cfimensions and structural relationsiups to each other y^Mdi numic those of the 
body part to be replaced. 

15 

%^ The thus treated matrix having utOitymfliemettiods and devices of the 

O medianical integrity as con^paied vwth native tissue and, on its own, is not sufficient to induce regeneration 
^ of a rcplacemait body part or tisswe when implanted. Howev^, by unpregnating or otherwise infusing the 
M interstices of flie matrix wftosteogcrucproteta so that the pn)^ 

tsuifibces of tbc matrix, the device of the instant invention is formed and is suffideait to induce f onnatim of 
HI new tissue in idvo such that reg^eration of a mechaiucaEy and fimctiona^^ 
occursmsUu. 


W la one pi^arredanbodimait, the device cornprisesp^ 

35 manmuflian donor allogCTic or xCTOgenic to flie donee. Treated as described herem the device comjMising 
if theanogeancorxraogCTicskdetaljoim(l)isbi^ 
DOTHantigauc to iM«vCTt graft rejection to 3^ 

viabfe autogoioiis iqpiaoaneot joimin SD22« indudmg generating ftmdionalbone, articular cartilage, 
ligament and cq)sule tissue in conea relation to one another such that a structurairy andmedianically 
30 ftmcticmalreplacrai^johit results. 

In another embodim^t, the inventicm provides a device which serves as a ten^late for foimii^ in 
vivo part or aU of a skeletal synovial joint comprising plural d^^ 

moiphogenic signals, induces new tissue formation, including new articular cartilage tissue from 
35 respmdmg cells present in flie synovial environment The newly formed tissues assume ttie shape and 
function of the original tissue m tiie skeletal joint 

In anoflier aspect, the invention provides methods for replacing a defective body part comprising 
the stq)s of: excising the defective body part and implanting the device of the instant invention. In one 
40 embodiment, the metiiod also comprises tiiead(fitional step of providing a supp^ 
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5 Ihe iibplanled device, as by ttueading or otherwise providing a musde ftap prefused mt^ a blood mpi^y 
intpa hollow portion of the device. In anoflier embodiment, the device is imi^anted at a locus in the body 
of the individual distinct from the defect site but which allows generation of the replacement body pari. 
The autogenous body part thus formed then can be implanted at the defect site, . 

10 As win be i^jpiedatfidfinom the description provided her^ 

pnmdes devices and methods for the functional and mechanical restoration of (me (h* more individual 
tissues in a mammaUandceletaljoint^indudingd^ Thus,in 
<xie embodim^ ttie inventi[<m piovkles mefiiods and devices compelmt for lestotii^, without limitadon, 
functional articular cartilage, ligament, synovial membrane and synodal capsule tissue. The mettiods and 
15 devices described herein can be used for example, to cor^ 

to rqdace torn or comimmised Ugammts and/or tendons, and to repak defects in synovial capsule or 
monbrane tissue. 


III 


llie de^dces for i^^uriiig in^vidual ^detal joitit tissue comp^ 
matrix containirig reddues spedfic for, or derived from ^kdstai joint tissue of the type to be restored, 
inchuiiiig, ifidtfaout lindtation, caitilage, ligamatit, tendon, synovial aq[)sule, or synovial m^lnane tissue. 
The device can taSoe tic form of a solid, or it can have flie physical properties of a paste or geL Preferably , 
flie idatrix is d^ed fiom allQgeni^ 
txo(XHiq)alible devitalized matrix. 


In anofli^ OTbodimOTt the matrix can be formulated (kiKMi to 
derived compoomts. Tbematrix indudes both (a) leddues specific for, or characteristic ot the 
tissue and , (b) malaials sufiEident to create a temporary scaffold for infiltrating cdls and defiiung a ttuee 
ifiinGDSiorud stnicture viMdi mimics the dim^ 
30 are described herdnbdow« Suitable tissue-spedfic residues can be obtairiedfiomde^talizedaUoge^ 
xenog^c tissue and OHnbir^ with ttie stmctural materials as described h^ 
matrix, baiiodio'embodimeiit, file matrix emprises devitalized fiisome 
circumstances, as in the fonnarion of aiticular caitilage on subdiondral bone, a non-mineralized matrix 
material defining a three-dimensi<Hial stmcture whidi allows the attachment of infiltrating cdls, can be 
35 suffident, in combination with osteogenic protein, to induce new tissue forqatioa 

While, as described above, in a piefened embodiment the invention contemplates a device suitable 
as a template for forming in vivo a replacement skeletal joint, as wll be ^predated by the practioner in the 
ait, the invention contwnplates, and the disdosure enables, a device suitable as a template for forming in 
40 vivo functional rqplacem^ body paits other than skeletal joints and whidi axnprise {dural distinct tissues. 
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5 

When used in accordance with the methods of the instant invration, the devices of the invention 

and/or the tissues which result from Uicir applicalion, essentiaUy satisfy the foUowing criteria of a preferred 
grafting material: 

10 I. They result in fonnaiion of mechanicany and functi 

atthesite. These tissues are of an appropriate size and have corrert structure 
in a ftoctional body part In particular, the multi4^ 

ate of inteided use or ranotdy* becomes inoaipcnaled, integrating wth adjacent tissues, essentially 
lyi^inf iitning iffg 5diape, and avoiding abnomial resorption, regardless of the con^ticHis presmt at the 
15 f^pi^nt citA Wi>ii^nd PI ^1 HQM^ Qin. Ortfaop, 174:87 (1983), 

Q 2. The devices are capable of bdi^piedsely contoured an^ 

y drfectwhidiever complex skeletal or organ shape it is meant to repl^ 

§|0 3. The devices virtually have unlimited s«|)plyairi 

■m 

f 4, Hie devices have minimal donor dte morbidity. 

III Rirflietmorc,flie instant inv«ttion provides pra<^ 

35 j(^iepjurinctadii«tiiei^^ 

probtans that occur using toe mettK^ Ftor example, the instant invention can 

induce foraiati<» of IjjmfiJkhyaHnecarti^ Usingfte 
matariids and methods disdosedbeiei^ 

boaeatadefertsiteanddocsnotd^OTerateovertimetofilHO-cart^ By contrast, prior art methods of 

30 repairing cartilage defects gmwatt^ 

Iftdike hyafine cartilage, fita)caitilage lacks flie (Aiysiolo^cal aWlity to icstore articulating joints to ttieir 
fullcsqpacity. Thus, when flje instant materials arc used in aocoidancewitii the ins^ 
pactition^ can substantially functionally restore a cartilage defect m m articulating joint, particulariy a 
superficial articular cartilage defect and substantially avoid the undesirable formation of fibrocartilage 
35 tyincal of prior art methods, or degeneration into a "fiill-thickness defecf \ The invention al^ provides 
means for repairing individual tissue of a joint not readily reparable individually using prior art methods, 
and whidi, in some cases, previously warranted replacement of tfie entire joint wth a prosthetic device, 
Tte invention fiutiier allows use of allogenic replacement materials for r^airing the avascular tissue in a 
skeletal joint, and whidi result in ttie formation of mechanically and functionally viable replacement tissues 
40 at a joint locus. 


fli. 
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5 

Brief Description of the Drawings 


While the specification concludes with claims particulariy pointing out and specifically cluing 
the subjea matter wludi is regarded as constituting the present invention, it is believed that the invration 
10 ^ be better understood fixxn ttie following detailed desaipUon of prefened embodimoals takm in 
exjunction with the accompanying dniwings in whi 

Rg, 1 is a ftagmwtaiy fiont clevational view of a mammalian 
ranoved to show the artioilar cartilage on the condyles of the femur, the ligaments, synovial membrane, 
15 joiitt CJ5)Sule, and farther showing a damaged area in 1^ 


FIGS. 2A through 2D are schematic representations of the elements used to generate a viable, 
functional gl^ohumoral bemi-jwit in one embodiment of flie inventioa Fig. 2A depicts a lyophilized 
allograft; Fig. 2B depicts osteogenic (KOtein for ^pHcation to the lyo^iilized aHograft of Fig. 2A; Fig. 2C 
depicts a muscle flq> of cutaneous maximus muscle to be threaded inside the shaft of the lyophilized 
allograft; and. Fig. 2D depicts a viable, functional hemi-joint reailting fitom tte combination of elemoits in 
Hgs. 2A, 2B and 2C Fig. 2D rq)resOTts one embodiment of the device of the instant invention; 

HGS. 3 A thiou^ 3D are schMiatic lepresoitaticms of the four allografts tested in the hemi-joint 
of Example 2 (5 week); and 

FIGS . 4A through 4D are schematic reprcsaatations of the four allografts tested in the hemi-joint 
of Example 3 (6 mmitiO. 

30 Debiiled Description 

In accordance with the piesoit invmtioii, novel materials and methods are pr^ 
and legoieration of plural distinct tissues, induding manufacture of a live autogenous r^acem^ part 
comprising plural distinct tissues. In one embodiment the replacement body part is a skeletal joint, 
35 particulariy an articulating joint, and includes, without limitation, residues specific for, or derived ftom, 
bone, cartilage, ligament, tendon, synovial capsule and synovial membrane tissue. 

More particulariy, in one aspect, the invention provides a device comprising an osteogemc protem 
disposed on the surfaces of a matrix or substrate for forming a functional, mammalian replacement body 
40 part comprising plural distinct tissues. As used herein, the term "matrix" is understood to define a structure 
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baving interstices for the attadiment, proliferation and differentiation of infiltrating cells. It comprises 
residues specific for the tissue to be reidaced and/or derived from the same tissue type, and has a shape and 
dimension when implanted which substantially mimics (hat of the replacement tissue desired. 

As used herein, the term "residue" is intended to mean a constituent of a given tissue, whic^ 
qpedfidty for, or is characteristic of, the given tissue, and which is dOTvaWe fitom the non-viable 
oxistituents of the given tissue. A matrix comprising these iesidue(s), wh^ combined with osteogenic 
protein, aiKl implanted in a mammal in an environment whidi mimics the tissue's local environment under 
phy^ological c(»)ditioDS, and is sufficient for formation of qpedfic* mechanically and functionally viable 
replacement tissue. 

The term "plural distinct tissue" is intended to mean physiologically distinguishable tissues, such as 
biochemically or ultrastnicturally distinguishable tissues which reside at an anatonucally similar locus. In 
an articulating replacemait joint device for example, the matrix can comprise residues specific for, or 
^rived from, bone, cartilage, ligament, tendon and synovial membrane tissue. Thus, a significant aspect of 
the miatrix of the inv^tion is a single structure comprising residues of plural, distinct tissues, and which, 
wfam combined witti an osteogenic protein as defined herein, is suitable for inducing repair or regaieration 
of abody part that is mechanically and functionally viable overtime m vivo . 

As used hereiii, the terins *tK>ne" arxi "articular cartilage" are inti^^ 
Bone refers to a caldfied (mineralized) com^ctive tissue primarily comprismg a OHuposite of deposited 
caldum and phosphate in the form of hydroxyapatite, collagen (predonunantiy Type I coUagai) and bone 
cells, such as osteoblasts, osteocytes and osteoclasts, as well as to tte bcme manow tis^e wtudi forms in 
fheirit^oroftnieendodKHidralborie^ Cartilage refers to a type of connective tissue that contains 
cbondhocytes embeds in an extracellular n^ork compri^ng fibrils of collagen predominantly I^pe n 
coUagoi akxig witii other minor types, e.g. Types IX and XI), various proteoglycans (eg., dK»Klroitin 
sulfate, k^:atan sulfate, and dennatansdfatepm Articular cartilage 

refers to hyaline or articular cartilage, an avascular, rK)n<mincralizcd tissue vAiidii covers the articulating 
surfaces of the portions of bones in joints and allows movemrat in. joints wittK)ut direct txxie-to-bone 
COTtact, and ttiercby prevents wearing down and damage to opposing bone surfaces. Most normal healfliy 
articular cartilage is referred to as "hyaline," i,e., having a characteristic frosted glass appearance. Under 
lAiysiological conditions, articular cartilage tissue rests on the uiKleriying, mineralized bone surface, the 
subchorKiral boi^, wludi contains hi^y vascularized ossides. These higWy vascularized os^cles can 
provide diffusible nutrients to the overiying cartilage, but not mesenchymal stem cells. 


10 


•ligamem" is intended to mean boto the iop<>-Uke st^ 
whidi attach anterior extremities of intracting bones, as well as the tissue defining a synovial capsule. 
"Synovial membrane" is imended to define the connective tissue membrane lining the interior of the 
synovial cavity and v/tddti is involved in synovial fluid secretion. "Tendon" is intended to define the 
coonective tissue stradurc which joins musde to bone. 

ReplflCMnoit Body Parts 


As dsdosed iKi^ fl» instant inventfon provide m^iwds and compositions for 
repairing a defective body part. The method comprises the steps of surgicaUy excising the defective body 
15 part,implantingadevicecomprisingamatrixoftiietypedescribedaboveattiiesiteofexcision^ 
^ iMcessaiy.suigicany repairing tissues adjacemtije site of excision as described herem^^^ For example, 
I for synovial joint leplacement, it is desirable to repair tiie joint capsule, including flie synovial membrane 
I and Bgaments, so as to surgically approximate the joint stnictore as it occurs physiological conditions, 
flmeby lecreatii^ the avascular amrwiment wdiidi is flie synovial cavity and v*ich is t>atfaed in synovial 
fluid. italsoisixcfoabletosulureorottienwsemechanicaUylMnporari^ 
ill sunoundii^ tissue. 


mone embodim«it flie device is omsttucted to rq)lace part or all of a mammalian skdetal joint 
stnicture andindudes amatrix having residues forplural, dBstinct tissues, indudii^ two ormore of bone, 
'bs cartilage, H^ait,tMidoii synovial cj^Kule and/or synovial membrane ti^ 


In anoflier mbo<fim€nt flie device is OHistnided to iq)lacc an indi>ddual tissTO 
skdetal joint, induding an individual avascular and/or nonnmin^ As dan(Mistrated herein, ttie 

dB\dce is oomprtotf to hiduoe fimcfiwial rq)lacement tissue fonnation, in^ 
30 responding ceils jKesoit in ti» local en>rtr<Mimait,indudmg a syno^ 
odhflarinfOtrationof meseadiymalcdls firom avasculari^ 

omqKises reddnes spedfic for, or charactwistic of, and/br derived from, tissue of tiie same type as tiie 
indi^dual tissue to be i^laced. In anoflieranbodimOTt, the matraoMnim^ devitalized nonnnineralized 
tissue. In a preferred embodiment, the replacwnent tissue caiindude articular caitilage,Ugament, bone, 
35 tendon or synovial «^>su]e tissue. 

In a partial or complete joint replacement, it is prcfened but not required to include in the practice 
of the method ttic ad<fitional step of threading a muscle flap into ahollow portion of flie implanted device. 
Fbr example, using ttie metiwd descriijed in Khouri, U.S. 5,067,963, the disdosurc of which is 
40 incoipoiated haein by rcferMice and hercwitii below, a musde fli?>, whidi can itself be prctrcated with 
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5 osteogcanc piotdn, can be suigically introduced into a cavity in tte implanted matrix, sudi as the marrow 
cavity of devitalized bone, to provide a blood supply to expedite morphogenesis of vascularized tissue and 
to provide a ready supply of mesendiymal stem cells. 

The matrix of instant invention has utility as an implantable device wheal osteogenic protein is 
10 (fiq»osedon the suifcices of the matrix, present in an amount diffident to induce formation of eadi of tiie 
iq)lacemeitt tissues. This permits regeneration of the body part within the mammal, including plural 
tissues of appropriate size, interrelationship, and function. Osteogenic proteins contemplated to be useful 
in the instant invention aie described below and have been eariier-described in, for example, U.S. Pat Nos. 
4^68,550, 5,258,499 and 5,266,683, the disclosures of whidi are incorporated by reference herein. The 
15 ostebgenicpioteincanbe,forexample,anyofthetaK)wnbonemoq)hogeneticprotBinsand/o^ 

thereof describedheiem and/or in the art and indudes naturaUy sourced material, tecombinantmateiial, 
EJ and any material otherwise produced wMdi is capable of indudng tissue moiphogenesis. 


Ttememodsandmaterialsoftheinstantinventionaieeq)edaUyuseMform 
320 paitialorcompletereplacememofmammaB^ 


lii 


particulariy joints cndosed by aligamoitous oqpsule and bathed in synovial fluid. 


In some synovial joints, ttie movemant is umaxial, ie,, aU movements take place around one axis: 
Among these arc toe ginglymus or hinge joint in which the axis of moveme^^ 
^25, bones,and&etiochoidorpivotjointinwhichtheaxisisl^^ In the case of biaxial synovial 
f! joints, movmOTts are around two axes at a ri^ angle or any other ang^ These include the 

condyloid, the effipsoid, and the saddle joints. There is a ^ 

and-sodoet joint, in vAMi tte movCTients are poly axial, Le., movcmaits aro permitted in an infinite number 
ofaxes« Finally, Ibere are the plane or gUding4ype synovial joi^ 

30 

In Itoge joiiits, the articular surfaces arc molded to eadi otiier in s^ 
motion in only <Mie plane around the transverse a^ds . Flexion at tiie elbow jomt is an example; ottier 
examples indude toe inteiphalangeal joints of both ttie fingers an^ In pivot joints, movemait in a 
pvot joint also occurs around a single axis, however, it is ti(e longitudinal axis, Therc arc several pivot 

35 joints in toe human body, such as the proximal radioutaar articulatioa In condylar joints include, 

movement occurs principally in one plane. The tibiofemoral articulation of toe knee joint is an example. In 
ellipsoid joint include, movement is around two principal axes which arc at right angles to each otoer. 
Examples of toese joints include the radiocarpal and metacaqx)phalangealjou^^ In a saddle joint, the 
articular end of flie proximal bone is concave in one axis and convex in a perpendicular axis. These 

40 surfaces fit reciprocally into convex and concave surfaces of toe distal bone. The best example of a saddle 
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5 joimisttiecaipom^acaipaljointofthet^^ AbaU-Md-socketjointisoneinwhichthe(Ustalboneis 
cjqjable of motion around an indefinite number of axes witli one common center. Examples of fliis form of 
articulation are found in Uie hip and shoulder joints. A plane or gliding-type joint aUows a slight sUpping 
or sliding of one bone over the other. Unlike the above-<lescribed joints, the amount of motion between the 
surfeces is limited by the ligaments or osseous processes that surround the articulation. This is the form 
10 {ttesent inthe joiitts betwem the articular jHOcesses of certain vertebrae, the carpal joints, and the 
intennetataisal joints. 

Although it is conlmplated that the present invention is usable to 
articular cartilage elsev^ere in a mammalian body, aspects of the iuvention arc here illustrated in 
15 connection withfliearticulalii^ surfaces onthefmurinalmee^ 

p HG.liHustrates a knee jomt 10 between the bottom of a femur 11 and the top of a tibia 12. For 

clarity of illustration, only portions 13 and 14 of the medial and lateral collateral ligaments whidi movably 
tie the fmur 1 1 to the underlying tibia 12 aiKl fibula 15, are shown in Fia 1. Similarly, tiie joint c^sule 

is lOTiesMiled by tiie exterior daiklining 25, and the synoA^ 

■fif ■ ' ■■■ 

j|j andsecretes the lubricating synovial fluid, is represoited by the interior to Normally 
^ interposed between the opposing surfeces of toe femur 11 and tibia 12 are 1^ 

cartilages 16 and 17 and anterior and posterior cradaleUgamaitsC^^ The conv^dy curved 

condyles M and 21 at the lower end of tte femur 1 1 are normally supported by tiie mauscus cardites 1 6 
and 17, respectively, <m flie upper end of the tibia IZ Nonnally, die lower ead of ttie femur 1 1, induding 
the condyles 20 and 21 , are covered by a layer 22 of hyaline cartilage material, referred to as tiie articular 
cartilage22. Tl» articular cartilage 22 forms a g^raUyresiUcait padding wWch is fixed on 
1helower«d of die fmur 11 to protect ttie latter fiKMU wear ittK^ Moreover, the 

articular cartilage 22, v*OT luWcated by tiie synovial fhud in tt» 
30 readily slidable on the underlying surfeces of ttie meniscus cartilages 1 6 and 17 (or on ttie npptt surface of 
file tibia 12 should <me or bofli of tiie moiiscus cartilage 16 and 17 be partly or toM^ 
articulation of the knee joint 10. 

A portion of the articular cartilage may become dmaged by injury or dise^ 
35 excessively worn. FIG, 1 illustrates an example of a damaged area 23. 

Matrix Considerations 

As will be s^preciated by the skilled artisan, provided the matrix has a three dimensional structure 
40 sufficient to act as a scaffold for infiltrating cells, and includes tiie residues specific for, or characteristic 


m 
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of* and/or whidi arc derived from, the same tissue typt as the tissue to be xcpairtd, the precise nature of the 
substrate perse used for the matrices disclosed herein is not detemiinative of a matrix's ultimate ability to 
repair and regenerate replacement tissue. In Uie insianl invention, the substrate serves as a scaffold upon 
wWdi certain cellular events, mediated by an osteogenic protein, necessarily will occur. The specific 
responses to the osteogenic protein ultimately are dictated by the enctogenous microenvuonment at the 
mq)lant site and flic developmental potential of ttie responding cells. As also will be appreciated by tte 
ddiied artisan, ttie precise choice of substrate utilized for ttie matrices disdosed herein will depend, in part, 
xxgon flie type of defect to be repaired, anatomical consi(terations such as the extent of vascularization at ttie 
ilefea site, and flie like* 

Tte matrix of flie invention may be obtained as follows, A replacment tissue or body part to be 
used as a iq)lacCTiOTt body part and which comprises at least two <Hstina tissues in association to fonn tt» 
body part, is provided, as ftom a cadaver, or finom a bone bank and treated, as by ethanol treatment and 
ddiydnded by lyophilization. so that ttie remaining material is n(Mi-pathogenic and sufficient non-antigenic 
to prevent graft rejectioa As described above, ttie tiius treated material having utility in ttie devices of ttie 
inveiriion further comprises the residues of ttie extracted tissue or tissues from which it is derived. A 
i^lacement body part matrix thus treated further is dimensicHied sudi that the residues have a structural 
idati<Misb^ to eadi ottier vWch mimic ttiat of ttie body pa^ 

fj^^ir^l-gniirned Matrices 

Suitable allogenic or xenogenic matrices can be created as described herein below, using meflsods 
weJl known in the art Preferably, ttie replacment body part or tissue is obtained fresh, from a cadaver or 
from a tissue bank whidi freezes its tissues up(Mi harvest Inallcascsandaswillbej^jpredated byflie 
^actitioner in ttie field, it is pocfaable to freeze any tissue upon harvest, unless tiro tissue is to be put to 
^ immediateuse. Prior to use, ttie tissue is treated witti a suit^agCTt to extract ttie cdluton^^ 
compcMiaits of the tissue so as to devitalize ttie tissue, Tte 
giowtti inhibitii^ compOTfints assodated with the tissue, as wd^ 

paftiog€«s. The resulting material is an aceUularmalrix defining interstices fliat can be i^ 
aiKl is substantially depleted in non-stcucturally-assaoiated components. 

35 

In a cunentty preferred procedure, tiie tissue is devitalized following a methodology such as fliat 
used in ttie art for fixing tissue. The tissue is exposed to a non-polar solvent, such as 100% (200 proof) 
eflianol, for a time sufficient to substantially replace ttie water content of flie tissue witii ethaiK)l and to 
destroy flie cellular structure of the tissue. Typically, tiie tissue is exposed to 200 proof eflianol for several 
40 days, at a twnperature in the range of about 4''- 40*'C,taldi^ care to replace the solution 
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every 6-12 houis, until such time as the liquid content of the tissue comprises 70-90% ethanoL Typically, 
treatment for 3-4 days is ai^priate. The volume of liquid added should be more than enougi to 
submerge the tissue. The treated tissue then is lyoplilized. The resulting, dry matrix is substanUaUy 
depleted in non-stroctuial canpaiaits but retains both intracellular and extracellular matrix compot^its 
derived fincnn the tissue. 

Numwous ottier metiiods arc described in ttie ait for extracting tissues, induding mineraUzed tissue 
siKb as bone, and for roidering these tissues biocompatible for allog«iic or x«iogmc in^)lants. See, for 
examine. Sampath et al. (1983) PNAS SQ:6591-6595, US 5.011,691, and U.S. Patent Nos. 4,975,526 and 
5,171,574. These pubUcatitMis describe exti-action with 4Mguanidine-Ha,50niMTris-Ha,pH 7.0 for 
16 liouis at 4'C and various (teglycosyiating and coUagen filMil modifying agente, induding hydrogen 
fiu(^ck, tiifluoiocetic add, didAoiometiiane. acetMiioile, isopn^ol, heated, ad(fic aqueous solutions, 
and various combinations of these reagents. The disclosures of tiie patents is incorporated herein by 
rcfraence. As described tiierein and below, where the matrix is treated vwtti a fibril-modifying agent, ttie 
treated matrix can be washed to remove any extracted components. foUowing a form of tiie procedure set 
foctiibdow: 

1, SuspMid matiix preparation in TBS (Tris-buffered saline) lg/200 ml and stir at 4*C for 
2 his; or in 6 M urea, 50 mM Tris-HQ, 500 mM NaCl, pH 7.0 (UTBS) or water and stir 
at room tonperaturc CRT) for 30 minutes (sufBdeot time to n^dialize the pH); 

2. CMitrifiige and repeat wadi step; and 

25 3. Caitiifag^ discard stflpOTUftant; water wash readue; and thmly^ 

Treated attogedc or xowgeiuc matrices are en^risioned to have paitiodar utiUty for aeato 
devices for forming iq)lacanent body parts compriang plural distinct tissues, as well as for creating 
dencesfiwiqfladngindividujljomttissues,suchasUgamcaitandarticuiarcartil8^ Forexample, 

30 a leplaconentBgamait device can be formulated from an allc^eiucligamentmatjix and osteogenic (wrtdn, 
and in^laoted at a sbdi^ joint locus following standard surreal procedures for airtogenous ligammt 
K^dacmenL Sinulariy, an aUogeaiic articular cartilage device can be formed firam devitalized cartilage 
tissue, or other inert, non-ioineralized matrix material and osteogenic protein, and ttie device laid <» ttJe 
subdwndral bone surface as a dieet Alternatively, a formulated device can be pulverized or otiierwise 

35 medianically storaded to produce particles whidi can be formulated iiao a paste or gd as desaibed herein 
for jqpplicarion to ttie bone surface. 

Synthetic Matrices 
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5 Asm alternative to a natural-souiced matrix, or as a supp^ 

natural-sourced matrix, a suitable matrix also can be fomiulated denovo . using (1) le^dues derived from 
and/or characteristic of, or specific for, the same tissue type as the tissue to be repaired, and (2) one or 
more materialsviiidi serve to create a three-dimensional scaffolding stiucture that can be formed or 
molded to take on the dimensions of the replacement tissue desired. In some drcumstances, as in ttie 

10 fQimati<m of articular cartilage (ma subchondral bone surface, osteogoiic protein in ccmibination with a 
matrix de£Mi« a three-dimensional scaffol<fii« stracture suffident to attow the attachment of infiltrating 
cdls and composed of a nm-mineralizedmat^al can be sufBdent Any one or combination of materials 
can be used to advantage, inducBng, wittKxit limitation, collagen; homopolymers or copolymers of glycolic 
add, lactic add, and butyric add, indudii^ derivatives fliereof, and ceramics^ 

IS tricaldum phoqAate and ottier caldum phosphates and oxnbinations thereof. 

O The tissue-spedfic compOMUt of a synttietic matrix readily can be obtained by devitalizing an 

■ m ■ allogOTic or xenogemc tissue as (tescribed above and then pulerizing or ottierwise mechanically breaking 
W down tiie insotuUe matrix remaining. This particulate material then can be combined with one ormore 
^ structaialniaterials,indudiiig those Mtemativdy, tissue-spedfic components can be 

III fiiittier purified finomttie treated matrix 

and, using standard analysis procedures, flie extracted material at each purification step can be tested for its 
1| tissue-spedfidtycapaWlity. See, for exan^,SampattictaL (1987) ESM2&7599-7603^ 

4^96StS90 for ex^i]|)iaiy tissue extract]^ 

As 

fll A synttietic matrix may be deared where, for example, r^la<^ent articular caiti^ 

an existing joint to, for examine, conert a tear or limited superfidal defea in the tissue, or to in 
heigtooffliearticularcaitilagesurfaoenowwomduetoage,diseaseortrauma, Sudi**resuifadng'*ofthe 
iHticular cartilage layer canbe adueved using the mefliods a^ 
30 enibodim^ treating a sheet of aUogenic orxmog^c articular cartilage tissue as <fesaibedherein« coating 
ttie resulting matrix with osteog^c proteiii, rofling 1]^ the fonnulat^ 

flie joint udng standard orthoscopic surgical teduuques and, once provided to tiie ate, unrolUng the device 
as a layer onto the articular bone surface. In another embodiment, the device is formulated as a paste or 
injectable gel-like substance ttiat can be injected onto tfie articular bone surface in the joint also using 

35 standaid orthoscopic surgical techniques. In iftiis embodiment, ttie formulation may comprise a pulverized 
or ottierwise mechanically degraded device comprising botii matrix and osteogenic protein and, in addition, 
one or more components which serve to bind the particles into a paste-like or gel-like substance. Binding 
materials weU characterized in the art include, for example, carix)xymefliylceUul^^ 
glycol and the like. Alternatively, ttie device can comprise osteogenic protein dispersed in a synthetic 

40 matrix which provides the desired physical properties. As an example, a synthetic matrix having tissue 
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5 spedfidty for cartaage and bone is described in W 1991 andhercin 

below. Briefly, the matrix comprises a porous crosslinked stnictural polymer of biocompatible, 
biodegradable collagen and appropriate, tissue-specific glycosaminoglycans as tissue-specific cell 
attachment factore. Collagen derived from a number of sources can be used, including insoluble collagen, 
acidrsoluble collagen, collagen soluble in neutral or basic aqueous solutions, as well as those coUagens 

10 vMch aie commeidally available. 

Glycosaminoglycans (G AGs) or mucopolysacduddes are hexosamine-^ 
of animal ori^ that have a tissue spedfic distribution, and therefore may be used to help detennine the 
tissue specificity of the moiphogen-stimulated differentiating cells. Reaction with the GAGs also provides 
15 collagen wtii another valuable property, Le,, inability to provoke an immune reaction (foreign body 
leacdon) fixxn an animal host 


m 


Chmucally, GAGs aie made up of residues of hexoamines glycosidically bound and alternating in 
a moie-or-less regular manner witti eitter hexouronic acid or hexose moieties (see, e,g., Dodgson et aL in 
20 Carix)hvdrate Metabolism and its Disorders CDickens et al-, eds,) VoL 1, Academic Press (1968)). UseM 
GAGs include hyaluionic acid, heparin, heparin sulfate, diondroitm 6-sulfate, chondroitin 4-sulf ate, 
deraiatan sulfate, and keratin sulfate, Ottier GAGs also can be used for forming ttie matrix described 
herein, and tiiose skilled in tiie art will eittier know or be able to ascertain otiier suitable GAGs using no 
more lhan routine e5q)erimCTtatiorL Fbr a more detailed descripticHi of mucopolysacdtarides, see Aspiiiall, 
Pfergamon Press, Oxford (1970), 

Collagen can be reacted witii a GAG in aqueous addic solutions, preferably in diluted acetic acid 
soluti(Mis, By adding ttie GAG dropwise tato the aqueous collagm dispersion, copredptates of tangled 
collage fibrils coated with GAG results* This tangled mass of fibers fliai can be homogOTized to form a 
30 homogo^usdisp^ion of fine fibers and then filtered and dried 

InsolubiUty of flie colla^<5 AG im)ducts can be ra^ 
linking ttiese materials, whidi also serves to, raise the resistance to resorp^ Ingeneral, 
any covalent cross-linking mediod suitable tor cross-linking collagen also is suitable for cross-linking ttiese 
35 composite materials, altiiough crosslinking by a dehydrotiiermal process is preferred 

Fbrmulation Considerations 

Hie devices of the invention can be fonnulated using any of the methods described in the art for 
40 formulating ostegenic devices. See, for example, US Patent No. 5,266,683, the disclosure of which is 
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ihcoiporated herein by reference. Briefly, osteogenic protein typically is dissolved in a suitable solvent and 
combined with the matrix. The componrats are allowed to associate. Typically, the combined material 
then is lyophilized, witli liie result liial tlie osteogenic protein is disposed on, or adsorbed to the surfaces of 
the matrix. Useful solubilizing solvents include, without limitation, an ethanoltrifluoroacetic acid solution, 
e.g., 47.5% EtOH/0.01% TFA; and acetonitrile/TFA solution, ethanol or ethanol in water, and 
physiologically buffered saline solutions. Formulations in an addic buffer can fadUate adsorption of OPl 
onto the matrix surface. R>r the replacement body part devices of tiie invention, the currentty preferred 
fonnulation protocol is incubation of matrix and osteogenic protein in an ethanol/TFA solution (e.g., 30- 
40% EtOH/0.01-0.1%TFA) for 24 hours, followed by lyophilization. This procedure is sufficient to 
adsori) or precipitate 70-90% of the protein onto the matrix surface. 

The quantity of osteogenic protein used will dq)end on the size of replacement device to be used 
and on the specific activity of the osteogenic protein. Typically, 0-5 mg-100 mg/10 g of matrix, dry 
wei^ can be used to advantage. 

In addition to osteogenic proteins, various growth factors, hormones, enzymes, therapeutic 
compositions, antibiotics, or other bioactive agents also can be adsodDed onto, or impregnated withm, a 
substrate and released over time when implanted and the matrix slowly is absort)ed. Thus, various known 
giowtti factors such as EGF, PDGF, IGF, FGF, TGF-a, and TGF-b can be released m The matrix 
can also be used to release dimotiierg^tic agents, insulin, ra^mes, ^izyme inhibitors or ch^otactic- 
diemoattnutant fectois. 

Protein Considerations 

As defined herein, the osteog^cprotdns useful in ttie ccnnposition and m^hods of flie inv^on 
30 indude the family of dimeric^tdns having endod^ 

assodation with a matrix and MMdi comprise a subdass of flie **sopcT family** of *TDGFp-like" {HX)teins. 
The natural-«ourced osteogaiic prc^in in its mature, iiative f^ 

an parent molecular weight of about 30^36 kDa as determined by SDS-PAGE. When reduced, the 30 
kDa protein gives rise to two glycosylatedipeptide subunits having ^ar^t molecular weights of about 16 

35 kDa and 18 kDa, In the reduced state, the protein has no detectable osteogenic activity. The 

unglycosylated protein, which also has osteogenic activity, has an apparent molecular weight of about 27 
kDa. When reduced, tiie 27 kDa protein gives rise to two unglycosylated polypeptides having molecular 
weightsof about 14 kDa to 16 kDa capable of inducing endodiondral bone formation in a mamm^^ Useful 
sequences include ttiose comprising the C-terminal 102 amino add sequences of DPP (from Drosophila), . 

40 Vgl (ftom XoBOpus), Vgr-1 (from mouse), the OPl and 0P2 proteins, proteins (see U.S. Pat No. 
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5,01 and Oppeimann et aL, as well as the proteins rcfened to as BMP2, BMP3, BMP4 (see 
WO88/00205, U. S, Patent Na 5,013,649 and W091/18098), BMP5 and BMP6 (see WO90/11366, 
PGTAJS90/01630 and BMP8 and 9. 


The membeis of this family of proteins share a conserved six or seven cysteine skeleton in the 
10 C-tenninal legioa See, for example, 335-431 of Seq. ID No, 1 and whos« sequence defines the six 

cysteine skeleton leaducs rcfened to herein as "OPS", or residues 330-431 of Seq. ID No. 1, comprising 
102 amino adds and vAM)se sequence defmes the sev^ 

This family of proteins includes longer forais of a given protein, as well as phylogenetic, e.g., 
15 spedes and alldic variants and biosynthetic mutants, includii^ ackfition and deletion mutants and variants, 
sudi as ttiose which may alter the ccmserved C-tenninal cystetae skeleton, provided that ttie alteration still 
allows ttie protein to foim a dimeric spedes having a confonnation capable of indudng bone formation in a 
5 mammal when implanted in the mammal in association with a matrix. In addition, toe osteogenic proteins 
M useful in (fevices of this inventiOT may mdude forms having varying glycosylation patterns and varjing N- 
Mo t^im, may be naturally occurring or biosynttietically derived, and may be produced by expression of 

recombinant DNA in procaryotic or eucaryotic host cells. The proteins are active as a single spedes (e.g., 
as homodimers), or cc»nbined as a mixed q)ecies, induding hetmxlimers* 
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5 jhOTembodimait, file o^goMC protein COTtonplatedh^ 

:|5 sequence, UseM OPl sequoices arc ledted in US Pat Nos. 5,01 1.691; 5,018,753 and 5,266,683; in 
Ozkaynak et aL (1990) EMBOJ 2:2085-2093; and Sampath et zL (1993) PNAS 2Q: 6004-6008. OP-1 
related sequences indude xenogauc homol<^s, e.g.; 60A, firwn Diosophila, Wharton et aL (1991) EtiM 
M:9214-9218; and proteins dialing grcalBrflian60% idaitity wlliOPl in flie Ctennkial seven cysteine 
domain, jHcfcrably at least 65% iitentity. Exan^les of OP-1 idated sequoices indude BMPS, BMP6 (and 
30 its ^es homolog Vgr-l. Lyons et aL (1989) PNAS M:4554-4558), Celeste, et aL (1990) PNAS 
£2:9843-9847 and PCTT international application WO93/00432; OP-2 (Ozkaynak et aL (1992) ]ML 
Chem. 267 :13198-13205) As wiH be appredaled by fiiose having oidinaiy skill in ttie art, diimeric 
OHistracts readily can be created u^g,standani molecular biology and mutagnieds tedmiques combining 
various portions of diffen^t morphogenic protein sequences to oeate a novd sequence, and these forms of 
35 file protein also are c(Hitemplated hereia 

In anottier preferred aspect, the invention contemplates osteogenic proteins comprising species of 
polypeptide chzuns having ttie generic amino acid sequence herein referred to as "OPX" which 
acoHmnodates the homologies between the various identified species of the osteogenic OPl and OPl 
40 [m>(eiris, arid wU<^ is described by the amino add sequaK3epres^tedbdow arid in Sequ^ice ID No. 3. 
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Cys Xaa Xaa His Glu Leu Tyr Val Ser Phe 

1 5 10 

Xaa Asp Leu Gly Trp Xaa Asp Tip Xaa Ue 

15 20 
Ala Pro Xaa Gly Tyr Xaa Ala Tyr Tyr Cys 

25 30 
Glu Gly Glu Cys Xaa Rie Pro Leu Xaa Ser 

35 40 
Xaa Met Am Ala Thr Asn His Ala Ue Xaa 

45 50 
Gin Xaa Leu Val IDs Xaa Xaa Xaa Pro Xaa 

55 60 
Xaa Val Pro Lys Xaa Cys Cys Ala Pro Thr 

65 70 
Xaa Leu Xaa Ala Xaa Set Val Leu TVr Xaa 

75 80 
Asp Xaa Ser Xaa Asn Val ne Leu Xaa Lys 

85 90 
Xaa Aig Asn Met Val Val Xaa Ala Cys Gly 

95 100 
Cys His, 

and wherein Xaa at res. 2 = O-ys or Aig); Xaa at res. 3 = (Lys or Arg); Xaa at res. 1 1 = (Arg or Gin); Xaa 
at res. 16 = (Gin or Leu); Xaa at res. 19 = (He or Val); Xaa at res. 23 = (Glu or Gin); Xaa at res. 26 = 
(Ala or Ser); Xaa at res. 35 = (Ala or Ser); Xaa at res. 39 = (Asn or Asp); Xaa at res. 41 = (Tyr or Cys); 
Xaa at res. 50 = (Val or Leu); Xaa at res. 52 = (Ser or Thr); Xaa at res. 56 = CPhe or Leu); Xaa at res. 57 
= (Ee or Met); Xaa at res. 58 = (Asn or Lys); Xaa at res. 60 = (Glu, Asp or Asn); Xaa at res. 61 = (Thr, 
Ala or Val); Xaa at les, 65 = (Pro or Ala); Xaa at res. 71 = (Gin or Lys); Xaa at r^. 73 = (Asn or Ser); 
Xaa at res. 75 = (He or Thr); Xaa at res. 80 = (Phe or ly); Xaa at res. 82=(Asp "orSer);Xaaatres. 84 = 
(Seror Asn); Xaaatres. 89 = O-ysor Aig); Xaa aires. 91 = (T^rorHis); andXaaatres. 97=(Aigor 
Lys). 

In stin aiwfter preferred a^)ect, (Hie or both of the polypq>ti<te ch^ sidjunits of the 
osteogaierically active dimer is encocfed by nucleic acids whidi hybridize to DN A or RN A sequences 
encoding flie active region of DPI under stringent hybridization conditions. As used herein, stringent 
hybridization conditions are defined as hybridization in 40% fonnamide, 5 X SSPE, 5 X Denharcft's 
Solution, and 0.1% SDS at 37"C overnight, and washing in 0.1 X SSPE, 0.1% SDS at 50^C. 
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Given the foiegoing amino acid and DN A sequence inforaiation, the k^^^ 
disclosures of numerous publications on osteogenic proteins, including U,S. Patent 5,01 1,691 and 
published PCT specification US 89/01469, published October 19, 1989, various DN As can be constructed 
which encode at least the active domain of an osteogenic protein useful in tte devices of this invention, and 
various analogs thereof (including species and allelic variants and tliose containing genetically engineered 
mutations), as well as fusion proteins, truncated forms of the mature proteins, deletion and addition 
mutants, and similar constructs whidi can be used in the devices and methods of the inventioa Moreover, 
DN A hybridization [HObes can be constmcted from fragments of any of these proteins, or designed ifc mm 
fiom flie g^eric sequence. These jwobes then can be used to screen different genomic and cDNA libraries 
to identify additional osteogenic proteins useful in the prosthetic devices of ttiis inventioa 

The DN As can be piXKiuced by tfiose skilled in the art using well known DN A manipulation 
tedmiques mvolving genomic and cDNA isolation, construction of synthetic DN A from synthesized 
oligonudeotides, and cassette mutagOTesis techniques. 15-lOOmer oligonucleotides may be syndiesized on 
a DN A synthesizer, and purified by polyacrylamide gel electrophoresis (PAGE) in Tds-Borate-EDTA 
buffer. The DNA then may be electroeluted from the gel. Overiapping oligomers may be phosphotylated 
by T4 polynucleoticfe kinase and ligated into larger blodcs whidimay also be purified by PAGE. 

The DNA fiom ^propriately idratified dooos then can be isolated, subdoned (preferably into an 
expression vector), and sequaKxd. Pla^ids containing sequences of interest thai can be tratisfectedi^ 
an aH)iopriate host cdl for protein e5q>ression and furtter diaracterizatioa The host may be a procaryotic 
or eucaryotic cdl since ttie fonnei's inability to glycosylate protein will not destroy the protein's 
moq*ogaiic activity- t T<a>fiii hnot r^ns Indnde p. ooli. Sacdiaromvces - the insec^/baculovinis ceU system, 
mydomacdls,CHOcdls and various other mammalian cells. The vectors additionally may racode 
various sequmees to promote correct c>5)ression of tiie reoHnbinant protein, induding transcription 
[Homoter and t^mination sequences, oihanoer sequences, inferred riboscnne Unding site sequ^ices, 
[»efeixed mRNA leader sequences, preferred signal sequences for protein secretion, and the like. 

The DNA sequence encoi^g the gene of interest also may be manipulated to re^ 
intubiting sequm^es or to mimm^ze unwanted secondary structure fonnation. The recombinant osteogenic 
protein also may be expressed as a fusion protein. After being translated, the protein may be purified from 
tiie cdls themselves or recovered from the culture medium. All biologically active protein forms comprise 
dimeric spedes joined by disulfide bonds or odierwise associated, produced by folding and oxidizing one or 
more of the various recombinant polypeptide chains within an ^propriate eucaryotic cell or m vitro after 
expression of individual subunits, A detailed description of osteogenic proteins expressed from 


-22- 


lecomWnant DNA in E.coli and in numerous differmt mammalian cells is disclosed in US. Patent 
No- 5,266,963, ttie disclosure of which is hereby incorporated by reference. 

Alternatively, osteogenic polypeptide chains can be synthesized chemically using conventional 
pqptide synthesis tediniques well known to those having ordinary skill in the art For example, the proteins 
may be synthesized intact or in parts on a solid phase peptide synthesizer, using standard operating 
procedures* Completed diains then are deprotected and purified by HPLC Oiigh pressure liquid 
cbrwnatografrtiyX If the protein is synthesized in parts, the parts may be peptide bonded using standard 
meOiodologies to form tte intact proteia In general the manner in whidi the ostec^enic proteins are made 
can be conventional and does not form a part of ttiis in ventioiu 

Exem[dificaticm 

The means for making and using the matrices and devices of the invention, as weU as other 
material aspects concerning the nature and utility of these compositions, including how to make and how to 
use the sub^ matter claimed, will be further understood from the following, whidi constitutes the best 
mode cunenfly omtemplated for practicing the invention It will be zpptedstcd tiiat the invention is not 
limited to such exemplary work or to the specific details set forth in these examjdes. 

Inthe exm^ificafion, al^ni-joint reconstraction of an articulating synovial joint is resected into 
an existing joint locus. AswiQbe^reciatedby thosehavir^onliriaryslaUinfiieart^ttiem^ 
ccHupositicms of the invention equally can be ^lied to the formation of replacement body parts other than 
jkdetaljomts, as weU as to skdetal joints other than articulating or s^ Moreover, if desired, a 

iqflacment autog^ous jcHnt can be constructed in the redp 

at anottier conv^ent locus distal to tiie def ea site, for a time suffid^ to induce fonnation of ttie 
30 vqdlacem^ body part, and the autogenous body part thus f<Hmed then sutured into the joint locus for use. 

Example 1. Reconitruction of a Mammalian Hemi- Joint 

New Zealand white rabbits were used as ttie experimental model Standard orthopedic surgical 
35 equipment and procedures were used. 

As depicted in Fig, 2A, joint defects were created in a recipient by surgically resecting the entire 
gleno-humeral hemiarticular complex with the proximal two-thirds of the humems. Allografts for 
implantation were prepared from h^i-joints excised from a dcoior animal with the articular surface of the 
40 gl^humoral joint AUaUografts were extraaed in ethanolaiKilyopMUzed using starKlardiH^^ 
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5 as described hciein above, to destmy the pathogenicity^^ Specifically, intact 

joint complexes were excised, demarraowed and ethanol treated by exposure to 2{X)ml-50Qml of 200 proof 
ethanolfor72hoursat40C Fresh ethanol was provided every 6-8 hours. Following ethanol Ueatment, 
the matrix was lyophiUzed and rehydraled in ethanoI/IFA, with or without osteogenic protein. The treated 
hemi-joints comprised devitaUzed bone, articular cartilage, ^ 
10 membraoe tissue. 

As illustrated in Fig. 2B, all lyophilized, osteogenic protein-treated allografts were coated with OP- 
1 as described in U-S. 5,011,691. Specifically, mature, dimeric lecombmant OP-1 (rtiOPl) was solubilized 
in m acetonitrile trifluoro-acetic acid solution, combined with the lyophilized allograft, and implanted IS- 
IS 20 mg protein/8-10 g matrix, dry weight, was used. Hie distal bone portions of aU allografts were secured 
in place with a four hole titanium miniplate. Ameticuloussurgicalreconstiuctionof ttie joint aq)sule was 
^ performed by suturing the lyophiHzedc^ule ends to the endogenous capsule u^^ 
^ pixx^dures well established in the art usmg standard surgical procedures well established in flie art This 
M recreated an intact cq)sule and synovial Unmg, thereby restOT 

surface. Motion was peimitted almost immediately after surgery, agam to restore nonnd joint conditions. 


In some arumals, local muscle flaps (cutaneous maxhnus muscle; Fig. 2Q were incorporated into 
tte region of the defect by threading muscle into the marrow cavity of ttie allograft as dq>icted in Rg. 2D, 
using tbe method of Khouri as desaibed in U.S. 5,067,963 the <fisdosuie of which is incorporated herein 
byr^erm». Briefly, vascularized and OMiveruentimiscJefli^ 

wdl known to the practitioner in reconstructive surgery, so as to maintain a perfiiang Wood supply, and 
tibreaded inside the bone marrow cavities of 

Preliminary evaluarions of the reconstnK:ted hemi-joints wwe obtained by^al weddy 
30 ladiogr^hs usmg X-ray, and/or magn^c resonance imi^g (}JSSI). Ifistolo^cal ar^i mechaiucal 
ccmfumatory evaluatiCHis were conducted iqxm saoifice at S wed:s and 6 monflis after suigeiy . 

Medianical evaluations mvolved standard range of motion (ROM) measuTM^ 
until sacrifice. Histological evaluations involved staining sagital sections ttmmghto^ 
3S using standard techniques. 

Briefly, identification of bona fide articular cartilage can be accomplished using ultrastractural 
and/or biochemical parameters. For example, articular cartilage forms a continuous layer of cartilage 
tissue possessing identifiable zones. The superficial zone is characterized by chondrocytes having a 
40 flattened morphology and an extraceUular networic which does not stain, or stains pooriy, with toluidine 
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Hue, indicating the relative absence of sulphaled protec^lycans. Chondrocytes in tlie mid and deep zones 
have a spherical sq^peaiance and the matrix contains abundant sulphated proteoglycans, as evidenced by 
staining with toluidine blue. Collagen fibers are present diffusely ihroughoui the matrix. The chondrocytes 
possess abundant rough endoplasmic reticulum and are surrounded by extracellular networic. The 
pericellular networic oxitains numerous thin non-banded collagen fibers. The collagen in the inteiterritorial 
ii^wo± is less compacted and embedded in electron translucent amoi^ious material, similar to articular 
cartilage. Collagen fibers in the interterritorial region of tiie network exhibit the periodic banding 
chaia(^iistic of collage fibers in interterritorial zone of cartilage tissue. 

Biochenucally, the presence of Type n and Type IX collagen in the cartilage tissue is indicative of 
ttie differ^tiated i*ienotype of chondrocytes. The presence of Type n and/or Type IX collagen can be 
determined by standard gel dectrophoresis. Western blot analysis and/or immunohisto-chemical staining 
using, for example, commercially available antibody. Other Kochraucal mariows include hematoxylin, 
eo^ Goldn^^s Tricbrome and SafraninO. 

Articular cartilage regeneration was evaluated histologically in the examples desaibed herdn using 
^yOTsanunoglycan-specific stains and techniques well-known in the art Fbr the initial histologic 
evaluatiori, the defect sites were billeted lengthwise thK)ughtiie center of the defect The resulting halves 
and surioundirig tissue were mbedded in paraffin and sectioned across tte Ctaehalfof 
cadi defect was utilized for histological staining with toluidine blue and/or hCTiatoxlin and eoan, Goldner*s 
Ttidrnme and Safranin-0. The ottier half was used in preparing sections for immunostairung. Ifistol<%ical 
evaluations irrvolved assessment of: glycosaminoglycan content in ttie r^air cartilage; cartilage and 
diondrocyte morphology; and, structural integrity and moiplK>logy at the defect interface. The 
morphology of tte repair cartilage was exhiWted for the type of cartilage formed: articular vs. fibrotic by 
evalualiiig ^ycosamirioglycan OHitent, d^ree of cartilage dqx>sition, and the Ukef 

Histolo^cal evaluati(ms using starKlard methodologies wdl 
assessmrat of new bone and bone marrow formation. See, for examfdle, US PatNo. 5,266,683, flie 
disdosureof which is incorporated hereinabove by reference. Similariy, ligament and synovial capsule 
integrity can be montion^d by MRI, as well as by histology up<Ki sacrifice. 

Example 2 Five Weeks Duration (Short Temi) 

For the 5 week study, four groups with 10 rabbits per group were implanted with lyophilized 
allografts. See Figs. 3 A, 3B, 3C, and 3D, In Group 1, control lyoplulized allograft 30 free of osteogenic 
protein, was implanted OPig- 3A)* In Group 2, experimental lyopWlized allograft 31 was impregnated with 
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5 OP-1 prior to implantation (Fig. 3B), In Group 3, omtrollyoiMizedaUograft 30 free of osteogenic 
protein, was implanted, wifli muscle fl^ 32 threaded into marrow cavity 33 (Fig. 3C). In Group 4, 
experimental lyophilized allograft 31 was impregnated with OP- 1 priorio implantation, and muscle flap 32 
was threaded within the marrow cavity 33 (Fig. 3D), 

0 Asstatedabove,grafthealing was foUowednon-invasively with serial X-rays a^^ 

(magnetic resonance imaging). By X-ray assessment, allografts treated with osteongic protein had a 
noticeably tiiickened cortex by I week post-operative, as compared witii control allografts (Groups 1. 3) 
^ch cvidaiced only a thin egg-shdl-like cortex. By four wedcs the majority control allografts had 
firactured and were unstable. In contrast, OP-1 treated allografts (Groi^)s 2, 4) remained stable. 

MRI also was used as a non-invasive means for following reformation of articular cartilage in the 
allogiafts, A daric signal produced by MRI represents absent or nonviable cartilage, while a bright signal 
indicates live, viable cartilage. Control allografts produced only a daric signal, when tested at 1 , 3 and 5 
weeks post-operative. These MRI findings were OHifinned by Wstological analysis performed at 5 weeks 
post-operative, Sstgital sectioning tiuough control aUografts showed a degenerated a^ 
no live cells. 

By omtrast, the MRI findings of de articular caps fiom OP- 1 -treated allografls showed a brigiht 
agnal by week 3 post-operative, imlicating regeneration of viable articular cartilage. Histological analy as 
of tbe OP-l-treated allografls at week 5 revealed a layer of newly g^erated articular cartilage on top of tiie 
allograft matrix. The allografts of Group 4 showed somewhat tiucker cartilage layers than tiiose of Group 
2, ^i^esting that tiie addition of the musde flap may flirtfaer enhance tiie rate of joint regmeratioa 

Additionally, joints regenerated witti tiie OP-l4reated aUografts regained ri^ 
30 motiCMi by the time ibey were harvested at Swedes post-reconstmction. Tlie near normal rai^e of motion 
also is indicative of the presence of lubricating synovial fluid. By contrast, the harvested control allografts 
were stiff and contracted at harvest Thus, hemi-joint replacement devices of flie invention succeeded in 
fonning mechanicaUy and fiinctionaUy viable rq)lacement joints, with an inta^ 
fimctioningligamcait, bone and articular cartilage tissue. In tiie absence of osteogemc protein, the 
35 allografts, while not rejected by the donor, are insufficient on their own to generate a fimctional, weight 
bearing joint 

Example 3 Six Months Duration - (Long Term) 
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Fbr Ac 6 montti smdy, the variable of shaving off the old cartilagm 
allografls was intiXKiucei Briefly, tWs was accOTipUshed by mechanically sharing the articular cartilage 
cap of the joint surface. 


Hie following groups were used with 4 rabbits per group: in Group 5, lyophilized allograft 34 with 
shaved articular surface, and musde fl^ 32 were implanted (see Rg. 4A); in Group 6, control lyofMized 
allograft 30 with non-shaved articular surface, and muscle flap 32 were implanted (see Rg. 4B); in Group 
7, lyophilized allograft 35 with shaved articular surface and OP-1, and muscle fl^ 36 treated with OP-1 
were implanted (see Fig. 4C); and, in Group 8, lyoi^ulized allograft 37 with a non-shaved articular surface 
and OP-1, and muscle fl^ 36 treated with OP-1 were implanted (see Fig. 4D). Grafts in Groups 5-8 were 
harvested at 6 monttis after surgery. 

Based \spon pre-harvest ima^ng studies, the results collected by 3 monttis post-operative are 
consistent with the above-described results coUected at 5 weeks. Intact allografts treated with OP-1 (Group 
8) regaierated a live cartila^ous articular surface by 3 weeks when evaluated using MRI, This articular 
cap is still present and even better developed at 3 months. Without OP-1 treatment of the allograft, (Group 
6) ftere was n^gible cartilage regeneration relative to the OP-1 treated groups. 

Similariy, Groiq^ 8 rabbits (allograft + OPl, non-shaved) regained rjear normal range of motion 
(greater than 80%) in tiie reconstmcted jomt Group 7 rabbits (allograft + OPl, shavecD adiieved only 
50% range of motion, and Groups 5 and 6 (no OPl) adueved less than 30%. 

As determined by histology, the devices of flie inversion were competent to induce and maintain 
both bone and articular cartilage f onnatim in the a^ropriate context to one another in a long term 
study(greater than 6 monttis). Spedfically, tiie rabKts of Group 8, demonstrated Mcdar cartilage 
30 formation <m flie surface of bone, as evid^ced morpholo^cally by tiie presence of resting, central and 
deqier zone chondrocytes. By contrast, in groups treated orily with mu^ 
was r^Iaced with scar tissue, fa the groiq)s treated with shaved bone matrices, no significant cartila^ 
reg^eration was identified, demonstrating the requirement for cartilage-spedfic residues in articular 
cartilage formation in a non-vascularized mileiu. 

35 

In both ttie short term and long term study, mechanically and fijnctionally viable synovial joints 
resulted fiom the reconstmcted hemijoints treated wifli osteogenic protein, as evidenced by morphology and 
biochemistry, fa addition, new tissue formed, including articular cartilage, corresponding in shape, kmd 
40 arid stnicturalrelatiorrship to the residues in the devitalized tissue whi(^ formed the m^ 
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Galleaively, tiiese examples demonstrate that a device compii^ng osteogodc {m>tein and an off-the-shelf, 
non-viable lyophilized, devitalized matrix can be transfonned into aviable, mechanically and stmctuially 
functional replacement body part structure comprising plural distinct newly formed tissues which assume 
the shape and function of flie original tissue. The device can lestoie nonnal function to a destroyed body 
part, including a destroyed skeletal joint, restoring mechanically and functionally viable plural distinct 
tissues, including bone and bone manow, articular cartilage, ligament, tendon, synovial aQ)Sule and 
synovial membrane tissue. Moreover, these tissues are restored under substantially [Aysiological 
OKiditionsincluding, for example, from responding cells present in a synovial ^vironment, and without 
e^^sure to avascularized muscle fi^. 


A device compri^ng osteogenic protein-treated matrices, including lyophilized aUografits or 
xenografts as disclosed herein can lead to the formation of a new, mechanically, stiucturally and 
functionally viable replacement tissue, and to replacement body parts comprising plural distinct tissues, 
populated by the host cells, and without any of the limitations of prosthetic materials. 

Those skiUed in the art wiU know, or be able to ascertain usiiig no mpre t^ 
ej^rimentadon, many equivalents to the specific embodim^ts of the invention described hereia These 
and all other equival^ are intended to be aicompassed by die folio wii^ claims. 


J 
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